BACKGROUND:
Hospitalists often treat patients with severe acute hypertension (AH) presenting to the hospital. Little is known about the epidemiology of this syndrome.
OBJECTIVE:
To examine the prevalence of severe AH in patients admitted through the emergency department (ED) and its associated outcomes.
DESIGN:
A cohort study using retrospectively collected vital signs and other clinical data. 
MEASUREMENTS:
Severe AH was defined as at least 1 systolic blood pressure (SBP) >180 mmHg. We used multivariable regression to estimate AH-attributable inhospital mortality, need for mechanical ventilation (MV), and length of stay (LOS).
RESULTS:
Severe AH occurred in 178,131 (13.8%) patients. Disease categories with the highest prevalence were nervous (29.0%), circulatory (16.0%), endocrine (14.7%), and kidney/ urinary (13.5%). The overall in-hospital mortality was 3.6%. The relationship between severe AH strata and mortality was graded for nervous system diseases; mortality rates for each 10 mmHg increase in SBP from 180 to >220 mmHg were 6.5%, 8.1%, 9.9%, 12.0%, and 19.7%, respectively (P < 0.0001). The relationship between severe AH strata and need for MV was graded in the most pronounced way in respiratory and circulatory conditions (P < 0.0001). The relationship between severe AH strata and LOS was graded in most disease categories (P < 0.0001).
CONCLUSIONS:
Severe AH appears common and its prevalence varies by underlying clinical condition. Severe AH is associated with excess in-hospital mortality for patients with nervous system diseases and, for most disease categories, prolongs hospitalization. Chronic hypertension affects 32% of adults in the United States. 1 Each year, over 20 million emergency department visits involve hypertension. 2 While many studies describe the epidemiology and outcomes of chronic hypertension, less is known about severe acute hypertension (AH). Often classified as either hypertensive urgency or emergency, it receives little attention in national treatment guidelines. 3 There is a limited understanding of the epidemiology of, and the relationship between, this syndrome and patient outcomes among hospitalized patients. One registry study suggested that severe AH was associated with high rates of new organ damage, need for treatment in the intensive care unit, and a 90-day readmission rate of 10%. 4 This investigation, however, lacked generalizability, because it only enrolled subjects requiring therapy with an intravenous antihypertensive agent and did not provide information on the prevalence of severe AH. Qureshi et al. 5 analyzed information in a more representative sample from the national hospital ambulatory care survey, however, the only outcome examined was the correlation between acute blood pressure and stroke. Studies focusing on a selected patient population may be of limited value to hospitalists, because they are commonly required to treat a range of patients presenting to the hospital.
In light of severe syndromes that may be associated with, or complicated by, severe AH presented early during acute care, hospitalists require a better understanding of the prevalence and the relationship between severe AH and attendant mortality and morbidity. In addition, an assessment of the association of severe AH on the need for intensive care unit (ICU) admission and mechanical ventilation (MV) may aid the initial treatment assessments and triage decisions required of hospitalists.
Our objective was to describe the prevalence and implications of severe AH present at the time of evaluation in the ED among patients eventually hospitalized, using clinical data collected on all consecutive admissions across a range of clinical conditions. We sought to determine the independent contribution, if any, of severe AH to hospital mortality, need for MV on admission, as well as hospital length of stay (LOS). [6] [7] [8] [9] [10] [11] [12] [13] The database contains electronically imported or manually extracted demographic, clinical (eg, comorbidities, vital signs, laboratory values, other clinical findings), and administrative data (eg, diagnosis, procedures, and length of hospitalization). All vital signs were manually extracted, including the highest and the lowest ED systolic blood pressure (SBP) measurements during the ED stay, but before inpatient admission. Patients admitted for childbirth or mental health reasons were not included.
METHODS

Patients
Our main analysis focused on patients whose highest and lowest SBP were collected in the ED. These patients accounted for approximately 90% of all inpatients admitted through the ED. For the approximately 9% of patients who had only 1 SBP collected, we conducted a sensitivity analysis by both including and excluding them in the main analysis to determine if the absence of a second SBP measurement altered our findings. Patients were grouped into 1 of the following 8 mutually exclusive strata based on the maximum SBP (mmHg) in the ED: <100, 101-139, 140-180, 181-190, 191-200, 201-210 , 211-220, and >220.
Measures
The primary exposure of interest was the prevalence of severe AH, defined as at least 1 SBP measurement recorded in the ED in excess of 180 mmHg. Outcome measures included in-hospital mortality, need for MV on admission day (defined by International Classification of Diseases, 9th revision, Clinical Modification [ICD-9-CM] procedure codes of 96.70, 96.71, and 96.72), and LOS. We stratified these outcomes for each inpatient admission according to 1 of 112 mutually exclusive groups of principal diagnoses (see Supporting Appendix A in the online version of this article). To simplify the presentations, we pooled the groups into 9 major disease categories based on organ systems.
Primary Data Analysis
All statistical analyses were performed using Statistical Analysis Software (SAS version 9.01; SAS Institute Inc, Cary, NC). For evaluating trending, we used the Cochran-Armitage test for dichotomous variables (mortality and MV), and linear regression for continuous variable (LOS). We employed a logistic regression model to estimate risk of mortality and need for MV on admission. We used linear regression models to estimate the LOS associated with severe AH. We modeled each outcome as a function of patient disease severity and SBP strata. Because patients with the most severe AH tended to have higher mortality early in hospitalization, our analysis of LOS was limited to patients who survived index hospitalization.
The original disease-specific risk-adjustment models accounting for patient-level confounding risk factors, including demographics, physiologic presentation on admission (vital signs, altered mental status, and laboratory findings), and chronic conditions, were previously developed and validated. 12, 13 We recalibrated each of the 112 models, for the current study cohort, using the logit of predicted probability of death generated from the mortality risk-adjustment model as a propensity score of disease severity. Using this propensity score as an aggregate severity adjuster, we refit 9 logistic regression models (1 for each major disease category) to estimate the odds ratios for mortality or need for MV for each of the 7 SBP strata in the regression models with 101-139 mmHg as the reference group. To estimate the attributable LOS (if any) of severe AH among survivors, we fit the 9 LOS models using log transformed LOS (to normalize the potentially skewed distribution of LOS) as the outcome, controlling for disease severity. The attributable LOS and 95% confidence intervals (CI) were estimated from 1000 bootstrap iterations, with the median as the parameter estimate and 2.5th and 97.5th percentile as 95% CI.
14,15
Sensitivity Analysis To address potential bias of LOS associated with inpatient mortality, we refit 9 LOS models, including both patients who died and those who survived the index hospitalization. The models adjusted for disease severity, mortality, and the interaction of severity and mortality. Because patients with only 1 SBP recorded at ED may be different from those with more than 1 SBP recorded, we conducted analysis by adding these patients in the study cohort to examine the potential change of overall prevalence of AH and associated mortality for the study population.
To address the potential for a center-specific effect on outcomes, we refit all the models using a mixed model approach. 16 The mixed model accounts for both patient-level risk factors and hospital-specific effects on the observed outcomes.
RESULTS
Patient Characteristics
The study cohort was comprised of 1,290,804 adults who were admitted through the ED, from 2005 through 2007, and whose highest and lowest SBP measurements were collected in the ED. Median age was 69 years (interquartile range, 53-81) for the overall population. Median age was 74 (interquartile range, 60-83) for patients with severe AH (Table 1) . Hospital mortality was 3.6% (n ¼ 46,033), with 6119 (13.3%) having severe AH.
Prevalence of Acute Hypertension
A total of 763,634 (59.2%) patients had at least 1 SBP measurement of 140 mmHg during the ED stay, including 178,197 (13.8%) with SBP >180 mmHg. Body systems associated with the highest prevalence of severe AH (SBP >180 mmHg) were nervous (29.0%), circulatory (16.0%), endocrine (14.7%), and kidney/urinary (13.5%) (Figure 1 presents the data in graphic form; Supporting Appendix B, in the online version of this article, presents corresponding data in table form).
Mortality
Univariable analysis revealed a graded relationship between SBP stratum and mortality risk (Figure 2a ; and see Supporting Appendix C in the online version of this article). This relationship was most pronounced for nervous system diseases; mortality rates for each 10 mmHg increase in SBP from 180 to >220 mmHg were 6.5%, 8.1%, 10.0%, 12.0%, and 19.7%, respectively (trending P < 0.0001). The risk-adjusted increase in mortality odds ratio ranged from 1.04 (95% CI: 0.89, 1.21) to 1.44 (95% CI: 1.25, 1.67) for patients in the severe AH strata compared to patients with SBP of 101 to 139 mmHg ( Figure 3 ). Severe AH was not an independent mortality predictor in other disease categories.
Mechanical Ventilation on Admission
Univariable analysis revealed a graded relationship between severe AH and a need for MV on admission, especially for respiratory, circulatory, and infectious conditions (trending P < 0.0001) (Figure 2b ; and see Supporting Appendix C in the online version of this article). In the multivariable analysis, there was a relationship between severe AH stratum and adjusted risk for MV on admission across nearly all disease categories ( Figure 4 ).
Length of Stay
Univariable analysis revealed a graded relationship between severe AH strata and LOS for nearly all disease categories in survivors (trending P < 0.0001), except for digestive, kidney, and infectious diseases (Figure 2c ; and see Supporting Appendix C in the online version of this article). For patients with nervous system diseases, the unadjusted LOS for each 10 mmHg increase in SBP from 180 to >220 was 5.8, 6.1, 6.4, 6.8, and 8.0 days, respectively (trending P < 0.0001). The relationship was similar for other disease categories which showed significant trending.
In the multivariable analysis, the relationship between severe AH strata and adjusted attributable LOS was graded across most disease categories, especially nervous, circulatory, and hepatobiliary diseases ( Figure 5 ). The total adjusted number of hospital days attributable to severe AH was 0.43 days per case for all survivors with severe AH.
Sensitivity Analysis
Our sensitivity analysis of the LOS estimate, including those patients who died in the hospital, yielded similar findings in attributable LOS due to severe AH. In addition, when we added patients with only 1 SBP documented in the ED to the study cohort, the severe AH prevalence changed negligibly from 13.8% to 13.0%, and the associated mortality remained unchanged at 3.4%. Models using the mix model approach, which take into account hospital-specific effects, showed similar results.
DISCUSSION
This large-scale analysis demonstrated that severe AH was present in 13.8% of inpatients admitted through the ED. The prevalence of severe AH varied based on the primary reason for an acute care admission, ranging from 7% in infectious syndromes to nearly 30% in acute neurologic processes. Specific to patients with neurologic disease, initial severe blood pressure elevations independently correlated with mortality. Severe blood pressure elevations at ED were independently associated with an increased need for MV on admission and a prolonged LOS across a range of disease states.
Prior work on hypertension at admission has generally included single-center analyses or only focused on patients with specific admitting diagnoses. For example, in a single ED analysis, Tilman et al. 17 reported that 16% of 10,000 patients presented with elevated blood pressure (140/90 mmHg). In a multicenter review of 7000 persons, Karras et al. 18 ,19 described 
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423 patients with severe AH (180/110 mmHg) who comprised 6% of patients seen in the ED during a 1-week period. Qureshi et al. 5 noted severe AH in 13% of patients with acute stroke. While other ED-based studies examined all ED patients, including those admitted and discharged from the ED, our study focused on those requiring hospitalization. This disparity in illness severity may, in part, explain the higher prevalence of severe AH we noted relative to others.
We further found that the prevalence of severe AH varied based on admitting diagnosis. This difference in prevalence rates by condition seems clinically plausible. Recognition of this pattern may prove valuable to hospitalists who, by the nature of their responsibilities, will encounter a broad range of patients. Because our data were derived from the largest analysis of blood pressure assessments for ED patients who were eventually hospitalized, and encompassed a multiplicity of hospitals, our findings are likely generalizable. Moreover, our large sample size enabled us to examine severe AH at each 10 mmHg increment across a variety of disease states, rather than restricting our analysis to 1 admitting diagnosis.
The independent relationship between severe blood pressure elevation and mortality was detected only in those with neurologic conditions. Incremental increases in SBP beyond 180 mmHg were associated with a stepwise escalation in the risk for death. Although recognition of the importance of blood pressure management in both ischemic and hemorrhagic stroke remains a cornerstone of therapy for these diseases, the stepwise relationship between escalating blood pressure and outcome suggests that further study is needed to determine the optimal management of severe AH among these patients. This relationship, along with the independent association between severe AH at presentation and the need for MV, underscores the importance of severe AH in critical care, representing a major challenge for intensivists and hospitalists, particularly those who practice in neurologic ICUs.
The independent association of severe AH and prolonged LOS represents a novel finding. Few reports have correlated the initial blood pressure with measures of resource use. Katz et al. 4 found a median LOS of 6 days among 1000 patients who presented with severe AH and end organ dysfunction in 25 US hospitals. These investigators, however, did not explore the incremental independent contribution of initial blood pressure to LOS. Biologically, severe hypertension may exacerbate both acute and chronic conditions, thus complicating their management and resulting in longer hospitalizations. Our analysis has limitations. While exposure misclassification is a potential concern, unlike other population-based studies that use ICD-9-CM codes to identify AH cases, we relied on actual measures of blood pressure to identify subjects, thus minimizing this threat to validity. Similarly, since our end points-mortality, MV on admission, and LOS-were also objective measures, the probability of their misclassification is minimal.
Another concerning contributor to exposure misclassification is the possibility that, in some instances, the initial elevation in BP meeting the inclusion criteria in our study cohort does not reflect the ''true BP.'' Indeed, a substantial body of research about BP measurement in the ED suggests that we may have included some persons who likely did not have AH. For example, Pitts and Adams described a ''regression to the mean'' phenomenon, with serial BP measurements in the ED, wherein the BP fell by approximately 11 mmHg over 4 hours. 20 Baumann and colleagues reported a similar pattern. 21 However, the findings of these 2 analyses do not necessarily apply to our study population; we focused on patients admitted to the hospital with an acute condition, while Pitts and Adams 20 and Baumann et al. 21 examined all ED patients. This distinction is crucial in that patients not admitted are likely less severely ill and systematically different from those who do merit hospitalization. Moreover, both Pitts and Adams 20 and Cienki et al. 22 observed that the ''regression to the mean'' and fall in serial BP measurements were less pronounced in those with the most extensive BP elevations. In our study, we found the strongest relationship between adverse outcomes and BP in patients with the most extreme BP elevations. Thus, misclassification is perhaps less likely to be an issue for these subjects.
In addition, misclassification may result when initially elevated BP simply represents the impact of untreated pain or anxiety in ED patients. However, Backer et al. 23 and Tanabe and colleagues 24 specifically explored the impact of pain and anxiety on BP in ED subjects, and neither group found a correlation between BP and either acute pain and/or anxiety scores. Our difficulties with case definitions and BP measurements for severe AH demonstrate the need for the creation and adoption of a formal, systematic approach to this syndrome, along with the need for prospective analyses to confirm our findings.
Selection bias represents a second potential threat to validity in our observational study, although this bias is mitigated by including all consecutive acute inpatient admissions to the participating hospitals. Furthermore, inclusion of the 9% of patients who had only 1 ED measurement of SBP collected did not alter the estimate of severe AH prevalence or associated outcomes.
Third, confounding may introduce the potential for false associations derived from observational data.
The large sample size of our cohort allowed us to address this concern by adjusting for a large array of confounders. In addition, unlike other large-scale population-based studies which typically rely on administrative ICD-9-CM codes for risk adjustment, our analysis incorporated actual physiologic and laboratory results measured on admission, as well as a validated severity-of-illness scoring system for risk adjustment. 12, 13 Although both SBP and diastolic blood pressure (DBP) thresholds are included in traditional definitions of hypertension, selecting SBP as the primary measure is reasonable because SBP >180 mmHg is a more important risk factor for cardiovascular disease than elevated DBP. 25 Previous studies reported the relationship between the trend of SBP over time and clinical outcomes, 26 ,27 but we were not able to investigate the relationship of SBP trend and outcomes because the BP measurements in the our study were not collected in predefined intervals.
It would be ideal if serial blood pressure measures were to be collected at pre-specified intervals and if more sophisticated schemas were to be used to refine the AH definition. This type of study may be possible in the future when vital signs can be collected automatically with advanced technology. Likewise, electronically captured treatment data could further help researchers to study the impact of process-of-care variables, including medications and other management strategies, in relation to outcomes. Finally, outpatient management of chronic hypertension is an integral part of clinical management. Unfortunately, these types of data are not available in our existing database. These limitations notwithstanding, an in-depth understanding of the association between severe AH and potential adverse clinical and economic outcomes may direct further research in this field.
CONCLUSION
Severe AH appears common and its prevalence varies by underlying clinical condition in patients admitted from the ED. In those with acute neurologic syndromes, the degree of blood pressure elevation correlated with mortality, need for MV, and longer LOS. For many other conditions, elevation of blood pressure appeared to be linked to an increased need for MV and a prolongation in LOS. Future studies are needed to examine the potential impact of both 1) improved long-term outpatient BP management, and 2) optimal management of severe AH upon admission on improving outcomes of patients hospitalized from the ED with severe AH.
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